Local Development and Gentrification Resulting from the Rehabilitation of Singular Buildings: Analysis of Neural Networks by Uribe Toril, Juan et al.
remote sensing  
Article
Local Development and Gentrification Resulting from
the Rehabilitation of Singular Buildings: Analysis of
Neural Networks
Juan Uribe-Toril 1,* , Alejandro C. Galindo 1, José A. Torres 2 , Jaime De Pablo 1 and José L. Ruiz-Real 1


Citation: Uribe-Toril, J.; Galindo,
A.C.; Torres, J.A.; De Pablo, J.;
Ruiz-Real, J.L. Local Development
and Gentrification Resulting from the
Rehabilitation of Singular Buildings:
Analysis of Neural Networks. Remote
Sens. 2021, 13, 1500. https://doi.org/
10.3390/rs13081500
Academic Editor: Antonio M. Rinaldi
Received: 22 March 2021
Accepted: 12 April 2021
Published: 13 April 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Faculty of Economics and Business, University of Almeria, Ctra. De Sacramento, s/n, 04120 Almería, Spain;
agd358@inlumine.ual.es (A.C.G.); jdepablo@ual.es (J.D.P.); jlruizreal@ual.es (J.L.R.-R.)
2 Department of Computer Science, University of Almeria, Ctra. De Sacramento, s/n, 04120 Almería, Spain;
jtorres@ual.es
* Correspondence: juribe@ual.es
Abstract: The recovery of a built heritage and specifically of singular buildings is a key aspect of local
development. The aim of this study was to understand the influence of these regenerations on their
environment by transforming adjacent businesses and initiating parallel processes of gentrification
and local development. The renewed attraction of these new businesses to the area can result in
increased employment and production. The methodology used was based on self-organizing maps
of neural networks with matrix architecture and competitive learning. Through the analysis of neural
networks, we were able to identify common relationships and behaviors in commercial properties
which are adjacent to singular buildings and that share common patterns and characteristics or
attributes. The singular buildings analyzed are located along the Spanish Mediterranean coast in
the cities of Almería, Barcelona, and Valencia. The results obtained were based on the following
hypotheses: occupancy model and the classification based on total occupancy, total variation in
occupancy, and the most common types of usage of a given ground floor commercial property.
Among the conclusions, we highlight the existence of commercial premises that display anti-cyclical
economic behavior and the presence of commercial premises considered to be “unfortunate” or with
low potential.
Keywords: Google Street View; singular building; neural networks; urban revitalization
1. Introduction
The development of an architectural element is usually based on public planning
aimed at preserving and bringing citizens closer to the restored element, but in a parallel
and inherent way, it can also become the epicenter of a series of economic and social
activities. That a property influences its environment in the social or economic field is
clear, but the extent to which the rehabilitation of a building generates synergies capable of
boosting local development or gentrification processes is not so obvious.
Local development and gentrification have been studied separately as almost antago-
nistic processes. Local development is based on the continuous improvement of available
resources and particularly of natural resources and of historical and cultural heritage
buildings, because this can contribute to the area having a greater competitive advantage
and the well-being of the population [1] by enabling the establishment of new businesses
and jobs and, ultimately, a social transformation. Gentrification processes, in contrast, tend
to focus on the expulsion or exit of social classes with fewer resources from a neighborhood
due to the increase in rents and changes in the commercial structure and, ultimately, a
general increase in prices. Both of these processes have a common factor, namely, local
economic and social transformation.
The success of the rehabilitation of a property from the local and social economic
standpoint lies in the participation of citizens and public and private entities that, within
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their scope of action, can make decisions about their own assets that have a direct impact
on their surroundings [2].
The aim of this article is to study the influence that the recovery of buildings can exert
on their surroundings, transforming adjacent businesses and initiating parallel processes of
gentrification and local development. A correct interpretation of the relationship between
heritage, society, and business is one of the challenges that urban recovery policy must
overcome and it is thus necessary to understand the mechanisms that lead to local economic
development associated with unique architectural elements. Within the framework of the
research that supports this article, economic and architectural analysis of source documents
prepared by local administrations was used. This is in addition to sampling as a result of
direct observation.
To study these processes, the article is structured as follows: first, the theoretical
debate between local development and gentrification is described. Secondly, an analysis is
carried out regarding the transformation of the adjacent area following the rehabilitation
of a singular building located in one of three cities located on the Spanish Mediterranean
coast (Barcelona, Valencia, and Almeria). Finally, the conclusions and limitations of the
investigation are presented.
2. State of the Art: Gentrification and Local Development
The literature which studies gentrification and local development as part of the same
process is not abundant because these processes have generally been investigated as oppo-
site sides of the same coin. Studies on gentrification processes have generally considered
them to be harmful or contain detrimental elements that cause loss of social identity and
commercial transformation in a society primarily based on economic factors. In contrast,
studies on local development are usually associated with the gradual enhancement of
material or intangible elements of an area which improve the quality of life of its residents.
The term gentrification, coined in 1964 by Ruth Glass [3] after observing changes in
the social structure and the real estate market of London when the working classes were
displaced by a thriving middle class, has since been used to refer to movements linked
to its economic development that provoke the entry and exit of different populations in
neighborhoods. Thus, gentrification processes are considered from two perspectives—the
social and the economic.
A notable part of the literature on gentrification has considered that social and cul-
tural patterns form the foundation of changes in neighborhoods that are not merely eco-
nomic [4–7]. However, a significant number of researchers have argued that gentrification
is a capital movement, highlighting the economic and commercial transformation of neigh-
borhoods and cities [8–10].
Although the gentrification of a neighborhood can be a vital tool for urban renewal
and can create opportunities by changing market forces through the establishment of new
businesses and increasing the sales in existing businesses [11,12], as previously mentioned,
most authors highlight the undesirable consequences of the process, such as unemployment
or the increase in rental prices for ethnic and low-income minorities living in high-density
neighborhoods [13,14]. However, it is important not to confuse gentrification with specu-
lation, because whether or not there is a direct relationship between these terms remains
controversial [3,15].
In contrast, local development is understood to be a set of ground-up actions from
the area itself that promote socio-economic development [1,16], improve incomes, and
increase employment opportunities and the quality of life of the inhabitants [17]. It also
encompasses not only a chain of economic factors that influence the prosperity of a certain
area, but also a series of geophysical, social, and economic characteristics that create a
certain “breeding ground” that facilitates the proliferation of activities that result in the
well-being of an area [18,19].
Local economic development strategies [5,20] envisage the geographical area, not as a
simple space or a mere functional support, but as an agent of social transformation, where
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the socially organized territory and its social, cultural, and historical features are also very
important aspects.
The fact that development experiences in similar environments can produce totally
different results shows the difficulty of finding a common thread in the activities that
promote local development. Moreover, economic growth in areas, which in principle are
not developed [21,22], can lead to optimal local development while at the same time be
considered a clear failure in terms of the sustainable development model of that same
region. Thus, development strategy plans must consider economic and social dimensions
to obtain satisfactory results [23,24].
The above notwithstanding, even when the population enjoys a favorable geographical
enclave, adequate raw materials, and sufficient institutional support, if the entrepreneurial
population does not trust the generation of their own employment and the creation of
companies that create opportunities for the future, all efforts will be in vain. This will result
in businesses being forced to transfer to other locations as part of the classic gentrification
process. The actions carried out on a property, from a holistic point of view, can affect the
quality of life of the population and transform the local production system. Accordingly,
entrepreneurial initiatives are stimulated as a result of the improvement in the quality
of the basic infrastructures, thus signaling the beginning of a virtuous (or vicious) circle
of development.
Gentrification and local development share common features because both are pro-
cesses of social transformation which can lead to substantial improvements in the commer-
cial fabric of an area. These processes can arise spontaneously, although they could also be
planned. The biggest difference between the two processes is subjective. In contrast to local
development initiatives, gentrification does not consider the settlement of the population
in the territory, nor is their participation in the transformative process considered to be
a priority.
From the perspective of the rehabilitation or enhancement of heritage structures, it is
generally accepted that urban or local development needs to be accompanied by a program
of actions and investments, agreed upon between the different administrations, in order to
revitalize the historic space and a general development of the local area.
This multidimensional approach to the city brings together socio-spatial and political
dimensions [25] and requires both intervention and recovery of the existing structures, in
addition to social and political elements [26] (e.g., the quality of housing, the environment,
or the real needs of the affected population).
Authors such as Friedmann [27], Campbell [28], Leigh and Blakely [29] and Jew-
son and MacGregor [30], among others, stress that, together with physical factors, the
progress obtained by the exploitation of a resource is linked to the political attitude of
local authorities because private activity is often attracted by the granting of subsidies and
public aid.
Property itself is an endogenous resource available to local development, which itself
promotes an economically attractive environment. Microenterprises housed within the
renovated building are linked to the pre-existing commercial fabric of local businesses [31],
encouraging change, innovation, and creative destruction.
One of the problems with urban rehabilitations is that the revaluation that an area
experiences after a public investment usually has an economic impact by increasing the
price of homes and rental properties [32], producing the expulsion or displacement of
local businesses and the original resident population [33]. These businesses are later
replaced by others with greater purchasing power that do not have roots in the area,
endangering the intrinsic social networks in the neighborhood or locality, and generating a
class conflict associated with urban transformation with an imposition of the dominant
strata of social and market rules, that is, a negative gentrifying process. However, much
more important than the destruction of jobs in obsolete activities, it is important to replace
those activities with new ones, of higher quality and productive differentiation, which are
more environmentally sustainable [34]; in short, a positive gentrification process [31,35].
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When we add to all the above the phenomenon of the touristification of urban
spaces [36], changes in the dynamics of neighborhoods occur which can interfere in the
relationships of social actors, producing new forms of sociability. Thus, associated gentrifi-
cation should be taken into account as a side effect characterized by uncertain results [37].
The key to the success of tourism as a sustainable activity from a social point of view does
not lie in the transformation of society and local culture in favor of tourism development,
but rather, the activity must be integrated into existing social and productive schema.
Urban recovery from the functional perspective needs clearly defined urban projects
and an integral vision of the heritage system with business activity as their main ally. Local
development policies that are committed to a potentiality based on architectural projects
and the development of services and industries for urban revitalization [31] can engender
entrepreneurial movements related to tourism-cultural sectors.
The rehabilitation of an architectural heritage structure may be the basis on which
business or tourism activities are developed [38], but by itself does not constitute a process
of business concentration or a gentrifying tourist attraction.
3. The Use of Neural Computing Techniques in the Scientific Literature
The use of neural computing techniques is not new in the scientific literature. The
work in the fields of classification, approximation of functions, and identification of notable
elements within images and complex data sets has become a distinctive feature of research
in recent years. Since the 1990s, the use of these techniques has been extended to all fields
of science and technology.
Neural networks are classification systems based on models in which the distribution
of the sample is unknown and in which there is little, changing or, in some cases, contra-
dictory knowledge (Figure 1). Its architecture is based on the available knowledge of the
nervous system of animals, mathematical models related to the approximation of functions,
statistics and information theory, and to the field of physics and statistical mechanics.
Figure 1. Process of neuronal connections. Source: Own elaboration.
A relevant feature of these types of tools is their ability to generalize and find the
underlying representation in the sample of the content domain being studied.
Current data interpretation and analysis systems use a wide range of neural net-
work architectures.
Self-organizing maps are neural networks with matrix architecture and competitive
learning. The structure of this classification technique [39,40] has been developed from
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the perceptual model of vision in humans and has proven to be a powerful classification
and clustering tool when there is no knowledge of the distribution of probability of the
sample to be classified even when the application domain uses a different metric from the
Euclidean following the schema of Martínez et al. [41].
In an attempt to simulate the nervous structure of the retina of a mammal, a self-
organizing map is formed by a set of elements, also referred to analogously as neurons,
which are spatially arranged in a mesh and which exhibit, among others features, the
property of locality, wherein every element of the mesh (neuron) has neighboring elements
with which it shares common characteristics regarding how to act when an entry occurs.
Each of these neurons has an internal structure (called a reference vector) with a dimension
and structure identical to that of the input samples.
In a self-organizing map, for a given input, only one of these neurons can be activated.
This is achieved by adapting their internal structure by means of an iterative training
procedure, whereby each neuron, when presented with an input that has a similar internal
structure, adapts its own structure to become even more similar, and modifies the structure
of neighboring neurons to distance them from the activated neuron.
This process increases the probability that, for a given input, it is only that neuron that
is activated, and not those in its vicinity.
It has also been shown to be convergent to a solution when the number of iterations is
“high enough” to stabilize the modifications in the network.
The training of a self-organizing map is an iterative process in which a set of training
samples are presented successively to the network, and, for each of these, the network
reacts by adapting the internal structure of the element to one that more closely resembles
the input while at the same time changing the internal structure of other elements in its
vicinity in order to prevent them from being activated by said input.
This process is repeated for all the samples in a set, and a sufficient number of times
so that the variations in the internal structure of the network elements are not significant.
At that time, a state of equilibrium will have been reached and the network is ready to go
into the operational phase.
Thus, it could be said that this iterative process is convergent and generates a consistent
classification related to the distances of the vectors involved in the training.
4. Materials and Methods
Self-organizing maps have been applied extensively in the field of science and tech-
nology. They have been used by Hung and Tsai [42], Froement et al. [43], and Munoz [44]
for the analysis of economic models; Hewitson and Grane [45] and Song et al. [46] in
climatology studies; and Liu and Bai [47] for the analysis of problems in engineering and
systems theory.
Our initial hypothesis is that when the rehabilitation of a singular building is carried
out in an urban center, a double process is generated: first, local development as a form
of sustainable economic impulse, and second, commercial gentrification due to renewed
business activity.
To verify the validity of the proposition, significant data on business activity has been
observed and collected, including variations in the commercial premises, their refurbish-
ments, the degree of occupancy, and the average price of homes in the area of influence of
the property.
4.1. Selection of Singular Buildings
The selection of properties (Table 1) that serves as the basis of this study took into
account the following parameters:
• Location: To attain a more homogenized study, where the externalities could be similar,
the selection was limited to Spanish provincial capitals located on the Mediterranean
coast. The aim is that elements such as tourist pressure, meteorology, or social condi-
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tions should not distort the research. In addition, the properties are all located in or
near the city center.
• Demography: The three cities were chosen for their representativeness in terms of
their population. Barcelona widely exceeds one million residents, whereas Valencia is
slightly less than half a million. Almeria, meanwhile, represents the “middle” city [48].
Results were extrapolated to populations regardless of their size.
• Type of property: The buildings were constructed at the beginning of the 20th century
and were totally or partially restored before 2013. The choice of this year is based
on the fact that it is considered the final year of the economic crisis during the study
period (2008–2018). In addition, buildings were sought which shared similar artistic
and architectural styles.
Table 1. Factsheet about the singular buildings studied.
Name of Building Casa Fuster
Year of Construction 1910 Year of renovation 2004 and 2017
City Barcelona Population 1,620,809
Distance to City center 3 km Current Use Hotel
Other notable characteristics:
- Facade restored in 2017.
- Located in the Paseo de Gracia in Barcelona.
- Luxury Hotel.
Name of Building Marqués del Turia 12
Year of Construction 1920 Year of renovation 2012
City Valencia Population 787,808
Distance to City center 1 km Current Use Commercial and office space
Other notable characteristics:
- Located in Gran Vía Marques del Turia, part of the Valencia’s urban expansion plan of 1884.
Name of Building Casa de las Mariposas
Year of Construction 1912 Year of renovation 2010
City Almería Population 195,389
Distance to City center 0 m. Current Use Corporate
Other notable characteristics:
- Corporate headquarters of a financial entity.
- Frequently used by the municipal council for public events.
Source: Own compilation. Census data from INE.
4.2. Data Acquisition and Geographic Radius of the Study
As with the selection of buildings, information on the average price of rent and sale of
commercial premises and flats in the area was prepared according to the data provided by
companies specialized in property valuation and real estate web portals.
The control area was determined to be a radius of 150 m from the rehabilitated
property. This distance was based on the investigations of Tan and Tan [49], Waddell [50],
Nikilaos, Dimitra and Agapi [51], and Ray [52] that follow this same longitudinal criterion
according to visual, transport, and visual impact elements.
Data on the activities of commercial premises at street level, including changes in
occupancy, were obtained by means of direct examination using Google Street View®. This
program allows us to transport ourselves in situ to a location in 2008 and check its real
evolution (in images) and mechanize the search in two-year periods until 2018.
A total of 565 business premises were analyzed with the following distribution: 198 are
located in Barcelona, 35% of the total sample (Figure 2); 174 are located in Valencia, which
accounts for 30% (Figure 3); 138 in Almería, 25% (Figure 4); and 55 in a neutral area that we
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named “Dummie” and accounts for 10% of the properties studied (Figure 5). This dummy
area serves as a control and verification parameter of the results obtained.
Figure 2. Aerial view of the area around Casa Fuster in Barcelona. Source: Own elaboration.
Figure 3. Aerial view of the area around Gran Vía Marqués del Turia 12, Valencia. Source: Own elaboration.
Each of the 565 sample items was designated to 35 variables related to the type of
occupation in each year, the sum of the years occupied, the variation in occupation, the size
of said variation, and the type of occupation during the years studied (up to 131 different
types of use after simplifying the type of occupation to eliminate spurious differences
related to the name of the activity). The variables also included a time series, from 2008
to 2018 (11 years), and variables related to the street environment: type of road (whether
open to vehicle traffic or pedestrian only); number of lanes of road traffic (one to four
lanes); presence of parking spaces in front of the premises (yes or no); sidewalk dimension
(narrow, less than 2 m; normal, between 2 and 5 m; wide, more than 5 m; and squares,
open spaces).
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Figure 4. Aerial view of the area around Casa de las Mariposas in Almería. Source: Own elaboration.
Figure 5. Aerial view of the control area in Almería. Source: Own elaboration.
With regards to the variable related to the types of occupancy of the commercial
premises, a prior processing step was carried out which consisted of:
- Re-labeling of the type of use in each of the commercial premises. A numerical value
was given to each type of use to facilitate further processing.
- Re-labeling using a numerical value to reflect changes in occupancy over time, again,
necessary for further processing.
- Calculation of the variation in the occupancy of the commercial premises over time.
Each change of use, from one year to another, is labeled with a 1.
- Sum of the total occupancy of each of the commercial premises, throughout the period
of time studied.
- Sum of the total variation in both use and occupancy of the commercial premises
throughout the period of time studied.
- Calculation of the mode of use, which takes into account both occupancy and use, of
each of the commercial premises, for a specified time.
Once the aforementioned information was attained we proceeded to classify the
premises using self-organizing maps with relevance to the following working hypotheses:
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Hypothesis 1 (H1). The level of occupancy is significant. A classification process will be developed
using re-labeled occupancy data.
Hypothesis 2 (H2). The level of variation is significant. A classification system of similar
commercial premises is developed.
Hypothesis 3 (H3). The type of occupancy is significant per se.
Hypothesis 4 (H4). The sum of the variation, the occupancy and the mode of occupancy, taking
into account occupancy and use of the premises, are significant.
The following procedure was carried out for all four working hypotheses:
1. To train the self-organizing map, we chose a set of characteristics from all those
obtained in the analysis performed.
2. Using MATLAB as a tool, and its Neural Networks Toolbox, we carried out a series
of experiments based on the number of items that each sample represents. We also
needed a map that could explicitly represent the sample groupings of the impact
maps. Given these assumptions, we used several structures (8 × 8, 10 × 10, and
12 × 12), although there was no obvious improvement in the representation beyond
the 64 elements in the network or if a longer execution time was used to carry out
the training. In addition, a hexagonal neighborhood model was used to improve the
procedure for calculating the neighborhood between elements of the network, and
carried out the training looking for stability in the operation of the network. This
stability was achieved when the variation of the internal structure of the network
elements was, on average, less than 0.1. After some tests with 1000, 2000, and
5000 iterations, we opted for the third option (5000) to carry out the training in order
to ensure the stability of the network.
The training process consisted of two phases: a rapid phase, in which significant
variation of the internal structure of the network elements was permitted, and a precision
stage, in which there was very little variation in the internal structure of the network during
the training process. To this end, 90% of the training process was carried out in the first
stage and 10% in the second.
We created a self-organizing map with 64 neurons arranged in an 8 × 8 square
mesh. In these, the neighborhood was measured using a Euclidean distance measure. We
took the set of samples from each city and applied the training procedure 5000 times to
stabilize the behavior of the network (that of one of the cities being studied, or failing that,
the samples from Almería in which there was no proof of rehabilitation/construction of
singular buildings). This training method was carried out to address the network with
unknown data from other cities and to analyze their behavior.
3. Visualization of the results using impact maps. An impact map is a representation of
how the self-organizing map is activated when presented with a set of samples. Each
input generates an activation, and the count of all of them, by map element, and their
representation using color indices, is a very useful tool to determine how the network
behaves given a set of samples. Each element of the network is activated in one or
more samples that have similar statistical characteristics. In addition to these maps,
we used a distance map, indicating the Euclidean distance for each element of the
network from its neighbors. These maps tell us how “far” from their neighbors each
element has become after the training process. In this way we can observe the level
of separation between the sample subgroups generated by the map. Both maps are
invaluable tools for studying sample clustering generated by the neural network.
One common mistake that can often occur is when the distance between the different
neurons is not taken into account when carrying out the analysis of the classification in
the impact maps. As the accuracy of the classification is measured by the distance maps
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between neurons in addition to the impact maps, it makes little sense to measure impact
without also taking into account the second measurement regarding distance.
4. Detection of “distinctive” activation points in the self-organizing maps and character-
istics of the locations of the commercial premises which could cause the activations on
the maps. The distinctive activation points are those neurons that have been activated
by a subgroup of samples, that appear in all cities with urban development and that
do not appear in the impact map of the set of control samples.
5. Analysis of the characteristics or attributes of these commercial premises.
Not all hypotheses offered significant results. We will develop, therefore, those
hypotheses that present relevant results, that is, Hypotheses 1 and 4.
5. Results
5.1. Hypothesis 1. Occupancy Model
For this work, we selected 11 characteristics corresponding to the representation of the
occupation of each of the premises, throughout the period of time studied. Each sample,
therefore, was characterized by a vector with a dimension of 11. The data set was used as a
training set for a self-organizing network with the characteristics indicated above. After
applying the training procedure to the data from one city, the data from the rest of the cities
were used as test data of the trained network to observe how the network activations are
arranged in each city. The impact maps of this analysis are shown in Figure 6.
Figure 6. Impact maps of data collected in each city, and of non-significant data (Almería “Dummie”).
The impact maps show activated groups in certain neurons that are characteristic
of the samples in which a singular building has been rehabilitated. The distance grows
significantly around the reference neuron, indicating a very different type of model from
the rest of the samples. In order to understand the name of each element in the network,
these are numbered from 1 to 64, arranged in 8 columns by 8 rows. The first element in the
network (please note that the term neuron and network element are used interchangeably
to refer to each of the elements that make up the self-organizing map) is in the upper left
corner and the last element in the lower right corner.
The activation of element 48 in the network represents 12.3% of the sample, a signifi-
cant number of commercial premises (70). Of these properties, 47 are located in the city of
Barcelona, 16 in Valencia, and seven in Almería. These properties share similar patterns
and sequences of occupancy.
In the triennium periods comprising 2009–2011 and 2015–2017, the commercial
premises remained closed. With regards to the period between 2012 and 2014, there
was a single opening which closed the following year.
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In contrast, the activation of the network element 49 (Figure 7) corresponds to
14 commercial premises (2.4%), of which four are located in Barcelona, three in Valen-
cia, and another seven in Almería. These premises share a common attribute in that they
have always housed some type of business activity. However, between 2013 and 2014 the
properties changed their business activity, closing and then reopening in the same year.
Figure 7. Distance maps for network elements 48 and 49.
The distance between neurons indicates the difference between the elements that
activate that neuron and the rest of the elements of the problem area. This measure serves
to quantify the difference between one set of data compared to the remaining sets. Thus,
we can see that elements 48 and 49 of the network are relatively close together and that
both are quite separated from the rest of the data groupings (which occur on the opposite
part of the map).
5.2. Hypothesis 4: Classification Based on Total Occupancy, Total Variation in Occupancy and
Most Common Type of Use of a Given Location
For this hypothesis, we analyzed the premises being studied with reference to the
data on total occupation, total variation in use, and type of occupation. In this case, the
dimension of the input vector is 3.
We then proceeded with the training of the neural network with the same characteris-
tics as in the previous case (Figure 6). In this instance, the trained neural network generated
the impact maps shown in Figure 8.
As in the previous case, a classification system was developed based exclusively on
city data in order to extrapolate this classification to unknown data (the remaining cities).
The results show impact groups related to the commercial properties being studied but
that do not appear in the “Dummie” sample.
In relation to the remaining elements and with a view to understanding how the
distance between these elements affects other clusters, a study of the distances between
the neurons that group those distinctive impacts was carried out. The following images
(Figure 9) depict the spacings (interdistance) between elements as distinctive impacts.
The calculated distances of neurons with distinctive impacts can be observed. In the
case of elements 41, 42, and 50 of the network we find that the distance maps are very
similar and the distances between them are small. This confirms that the three groups
pertain to commercial premises with some common characteristics. It also confirms that
the activation of one of these three neurons is the result of the existence of secondary
characteristics. In the case of element 64, the distance is exclusively linked with the neurons
in the opposite corner, which indicates that the dominant characteristic of the properties
that activate this element is also dominant in most of the other properties that activate the
upper left corner of the map.
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Figure 8. Impact maps of the trained neural network with information on total occupation, level of variation, and mode
of use.
Figure 9. Distance maps of network elements 41, 42, 50 and 64.
Of the total 565 commercial properties, elements 41 and 50 correspond to five and four
commercial properties, respectively. As this represents less than 1% of the total sample,
these properties are considered to be non-significant. Element 42, in contrast, although
corresponding to a total of 20 commercial properties, displays characteristics which are
related to the business activity carried out in these premises, in this case, fashion retail.
However, because it does not represent a high percentage of the sample it does not lend
itself to establishing a hypothesis.
However, the behavior of network element 64 produced interesting results because
78 of the 565 commercial properties (13.8%) were activated with 50 premises located in
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Barcelona, 21 in Valencia, and seven in Almería. Their behavior is similar, in terms of
occupancy levels during the period being studied, with 64 of these 78 (82%) never having
had any activity at all, while seven properties (9%) opened and closed in the same year.
The remaining commercial properties opened in 2018. In confirmation of this result, it can
be seen that only three out of the 565 properties have never opened and are not related to
element 64, but rather belong to the control sample (“Dummie”).
6. Conclusions
Local development and gentrification processes are linked and can be triggered by
the actions, sometimes unintentional, of either public or private actors. Our study used a
primary data collection methodology with Google Street View, which was later analyzed
through neural networks, and verified that real estate undertakings engender similar
economic patterns of behavior as in the other businesses in the areas of influence.
An understanding of these patterns can lead to more effective policies to revitalize
city centers, tackle depopulation of rural towns or improve measures to boost local en-
trepreneurship and the commercial fabric of an area. As a result of the analysis via neural
networks we have been able to find properties with common relationships and behaviors,
and that share similar patterns and characteristics in the commercial premises adjacent to
singular buildings.
The first conclusion is related to the existence of premises that behave in an anti-
cyclical economic manner.
The commercial attractiveness of an area led to new businesses opening during the
financial crisis (2012–2014) (element 48) in commercial premises that had previously not
housed any type of business activity. That is, the properties had remained closed during
the 2009–2011 and 2015–2017 trienniums, but then underwent both an opening and closing
of a business between 2012–2014.
Commercial properties displaying such anti-cyclical behaviors are those that com-
menced their activity during the period of greatest economic decline. Paradoxically, this
singular opening of premises also entails an almost immediate closure of the same. Thus, it
can be deduced that the attractiveness of an area was a feature that appealed to businesses,
making entrepreneurs think that, due to the particular location of these properties, they
could achieve greater success. However, this attractiveness is not enough to save the
business from the influence of other external factors (inadequacy of the property for a given
activity, entrepreneurial inexperience, lack of foresight. . . ).
This proposition is confirmed by the opposite behavior displayed by network element
49, which during the same period, showed commercial properties that enjoyed a constant
and permanent business activity, closing and then reopening with a different business
activity. This fact leads us to think that there are some premises that, regardless of the
economic cycle, are always able to maintain an optimal level of business occupancy.
The second conclusion is related to the presence of low potential or “unfortunate”
commercial properties.
Commercial premises with low occupancy levels, do not usually respond positively
when a new business opens. This would seem to confirm the popular belief that there are
unfortunate properties that are “jinxed”, where the businesses that are housed within them
do not thrive. The activation of network element 64, in terms of occupancy, variation, and
use of the commercial premises shows that those properties that remain closed for a long
period tend to be occupied for less than a year. This conclusion is also confirmed by the
control sample (“Dummie”).
Although it was not possible to directly verify the influence of a singular property on
the commercial fabric of the area, it seems clear that the commercial behaviors in terms of
occupancy and activity are similar. Therefore, this study will be useful for future research
as an example of using this new methodology.
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This study may be of special interest to investors and entrepreneurs, because it opens
doors to future research areas that that could effectively identify real estate with busi-
ness potential.
7. Limitations and Future Lines of Research
While we recognize that there are limitations in the investigation, it is hoped that these
do not significantly alter the results obtained. For example, the data collection was limited
to companies that have commercial premises located at street level and does not take into
account businesses located on other floors of the buildings in the areas of influence. In
addition, the temporality of the photos sourced from Google Street View does not provide
a homogeneous view of all the streets studied.
Economic development and social integration resulting from the rehabilitation of
buildings in urban centers depends on several factors, such as the alteration or continuity
of use of the entire building. Nevertheless, this point was not taken into account in this
article. This question could be addressed in future research.
As another possible future line of research, we propose the inclusion of sociological
factors, which could take into account the characteristics of the social fabric and verify their
influence on the survival of retail trade and on local development. In the same sense, it
would be worth studying whether the influence of the gentrifying process can alleviate the
urban exodus from the city center to the suburbs or other population movements.
Furthermore, it would be interesting to apply the methodology to the study of com-
mercial trends and the evolution of the real estate market in areas of urban development or
the impact of commercially motivated urban revitalization on specific urban spaces.
Author Contributions: The research was designed and performed by J.U.-T. and A.C.G. The data
were collected by J.U.-T. and A.C.G. Analysis of data was performed by J.A.T., J.L.R.-R. and J.D.P.
Finally, the paper was written by J.U.-T. and A.C.G. All authors have read and agreed to the published
version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: All data used to support the findings of this study are available from
the corresponding author upon request.
Acknowledgments: The authors greatly appreciate the reviewers who dedicated their considerable
time and expertise to the article’s rigorous peer-review process.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Vázquez-Barquero, A. Desarrollo local, una estrategia para tiempos de crisis. Univ. Forum. 2009, 1, 1–11.
2. Garre, F. Patrimonio arquitectónico urbano, preservación y rescate: Bases conceptuables e instrumentos de salvaguarda. Rev. Conserv.
2001, 5, 5–21.
3. Glass, R. London: Aspects of Change; MacGibbon & Kee: London, UK, 1964.
4. Crewe, L.; Beaverstock, J. Fashioning the city: Cultures of consumption in contemporary urban spaces. Geoforum 1998, 29, 287–308.
[CrossRef]
5. Butler, T. For gentrification? Environ. Plan. A 2002, 39, 162–181. [CrossRef]
6. Niedt, C. Gentrification and the grassroots: Popular support in the revanchist suburb. J. Urban Aff. 2006, 28, 99–120. [CrossRef]
7. Hwang, J. The social construction of a gentrifying neighborhood: Reifying and redefining identity and boundaries in inequality.
Urban Aff. Rev. 2016, 52, 98–128. [CrossRef]
8. Gospodini, A. Portraying, classifying and understanding the emerging landscapes in the post-industrial city. In Dialogues in
Urban and Regional Planning; Routledge: New York, NY, USA, 2008; pp. 34–71.
9. Gant, A.C. Tourism and commercial gentrification. In Proceedings of the RC21 International Conference on The Ideal City:
Between Myth and Reality. Representations, Policies, Contradictions and Challenges for Tomorrow’s Urban Life, Urbino, Italy,
27–29 August 2015.
10. Zukin, S. Reconstructing the authenticity of place. Theory Soc. 2011, 40, 161–165. [CrossRef]
Remote Sens. 2021, 13, 1500 15 of 16
11. Guerrieri, V.; Hartley, D.; Hurst, E. Endogenous gentrification and housing price dynamics. J. Public Econ. 2013, 100, 45–60.
[CrossRef]
12. Elmedni, B.; Christian, N.; Stone, C. Business improvement districts (BIDs): An economic development policy or a tool for
gentrification. Cogent Bus. Manag. 2018, 5, 1–19. [CrossRef]
13. McKinnish, T.; Walsh, R.; White, T.K. Who gentrifies low-income neighborhoods? J. Urban Econ. 2010, 67, 180–193. [CrossRef]
14. Meltzer, R.; Ghorbani, P. Does gentrification increase employment opportunities in low-income neighborhoods? Reg. Sci.
Urban Econ. 2017, 66, 52–73. [CrossRef]
15. Smith, N. The New Urban Frontier. Gentrification and the Revanchist City; Routledge: London, UK, 2005.
16. Coffey, W.J.; Polese, M. The concept of local development: A stages model of endogenous regional growth. Pap. Reg. Sci. 1984,
55, 1–12. [CrossRef]
17. Barreiro, F. Desarrollo desde el territorio: A propósito del desarrollo local. Chile Red. Desarro. Econ. Local 2000, 1, 18–21.
18. Evans, G. Creative cities, creative spaces and urban policy. Urban Stud. 2009, 46, 1003–1040. [CrossRef]
19. Navarro, C.; Huete, M.A. El análisis de la lógica del desarrollo territorial a través de sus procesos de planificación estratégica.
Propuesta metodológica y aplicación en Andalucía. Rev. Estud. Reg. 2010, 89, 15–42.
20. Boisier, S. ¿Hay espacio para el desarrollo local? Rev. Cepal 2005, 86, 47.
21. Porter, M.E. Location, competition, and economic development: Local clusters in a global economy. Econ. Dev. Q. 2000, 14, 15–34.
[CrossRef]
22. Méndez, R. Innovación y desarrollo territorial: Algunos debates teóricos recientes. EURE 2002, 28, 63–83. [CrossRef]
23. Kondonassis, A.J.; Malliaris, A.G.; Okediji, T.O. Swings of the pendulum: A review of theory and practice in development
economics. Am. Econ. 2000, 44, 17–23. [CrossRef]
24. Huggins, R. Capital, institutions and urban growth systems. Camb. J. Reg. Econ. Soc. 2016, 9, 443–463. [CrossRef]
25. Stam, E. Entrepreneurial ecosystems and regional policy: A sympathetic critique. Eur. Plan. Stud. 2015, 23, 1759–1769. [CrossRef]
26. Smith, N. Toward a theory of gentrification—Back to the city movement by capital, not people. J. Am. Plan. Assoc. 1979,
45, 538–548. [CrossRef]
27. Friedmann, J. The world city hypothesis. Dev. Chang. 1986, 17, 69–83. [CrossRef]
28. Campbell, S. Green cities, growing cities, just cities?: Urban planning and the contradictions of sustainable development. J. Am.
Plan. Assoc. 1996, 62, 296–312. [CrossRef]
29. Leigh, N.G.; Blakely, E.J. Planning Local Economic Development: Theory and Practice; SAGE Publications: London, UK, 2016.
30. Jewson, N.; MacGregor, S. Transforming Cities: Contested Governance and New Spatial Divisions; Routledge: London, UK, 2018.
31. Smith, N. New globalism, new urbanism: Gentrification as global urban strategy. Antipode 2002, 34, 427–450. [CrossRef]
32. Lees, L. Rethinking gentrification: Beyond the positions of economics or culture. Prog. Hum. Geogr. 1994, 18, 137–150. [CrossRef]
33. Lees, L.; Slater, T.; Wyly, E.K. Gentrification; Routledge: New York, NY, USA, 2008.
34. Alburquerque, F. Metodología para el Desarrollo Económico Local; CEPAL: Santiago de Chile, Chile, 1997.
35. Janoschka, M.; Sequera, J.; Salinas, L. Gentrification in Spain and Latin America—A critical dialogue. Int. J. Urban Reg. Res. 2013,
38, 1234–1265. [CrossRef]
36. Clark, N.T. Urban amenities: Lakes, opera, and juice bars: Do they drive development? In The City as an Entertainment Machine.
Research in Urban Policy, 9; Clark, T.N., Ed.; Emerald Group Publishing Limited: Bingley, UK, 2003.
37. Carvalho, K.D.; Guzmán, S.J.M. El turismo en la dinámica territorial, ¿Lógica global, desarrollo local? Estud. Perspect. Tur. 2011,
20, 441–461.
38. Huggins, R.; Thompson, P. Entrepreneurship, innovation and regional growth: A network theory. Small Bus. Econ. 2015,
45, 103–128. [CrossRef]
39. Kohonen, T. The self-organizing map. Proc. IEEE 1990, 78, 1464–1480. [CrossRef]
40. Kohonen, T. Exploration of very large databases by self-organizing maps. In Proceedings of the International Conference on
Neural Networks (ICNN ’97), Houston, TX, USA, 12 June 1997.
41. Martínez, F.J.; Martínez, S.; Torres, J.A. Training of support vector machine with the use of multivariate normalization. Appl. Soft Comput.
2014, 24, 1105–1111. [CrossRef]
42. Hung, C.; Tsai, C.-F. Market segmentation based on hierarchical self-organizing map for markets of multimedia on demand.
Expert Syst. Appl. 2008, 34, 780–787. [CrossRef]
43. Froemelt, A.; Durrenmatt, D.; Hellweg, S. Using Data Mining to assess environmental impacts of household consumption
behaviors. Environ. Sci. Technol. 2018, 52, 8467–8478. [CrossRef]
44. Munoz, P. A cognitive map of sustainable decision-making in entrepreneurship: A configurational approach. Int. J. Entrep.
Behav. Res. 2018, 24, 787–813. [CrossRef]
45. Hewitson, B.C.; Crane, R.G. Self-organizing maps: Applications to synoptic climatology. Clim. Res. 2002, 22, 13–26. [CrossRef]
46. Song, F.F.; Fenf, Z.; Leung, L.R.; House, R.A.; Wang, J.Y.; Hardin, J.; Homeyer, C.R. Contrasting Spring and Summer Large-Scale
environments associated with mesoscale convective system over the US Great Plains. J. Clim. 2019, 32, 6749–6767. [CrossRef]
47. Liu, L.; Bai, B. Flow regime identification of swirling gas-liquid with image processing technique and neural networks.
Chem. Eng. Sci. 2019, 199, 588–601. [CrossRef]
48. López, E. Acerca de una gentrificación “planetaria”, políticamente útil. Rev. Invi 2016, 31, 217–240. [CrossRef]
Remote Sens. 2021, 13, 1500 16 of 16
49. Tan, S.Y.; Tan, H.S. A theory for propagation path-loss characteristics in a city-street grid. IEEE Trans. Electromagn. Compat. 1995,
37, 333–342. [CrossRef]
50. Waddell, P. UrbanSim: Modeling urban development for land use, transportation, and environmental planning. J. Am. Plan. Assoc.
2002, 68, 297–314. [CrossRef]
51. Nikolaos, K.; Dimitra, V.; Agapi, X. Real estate values and environment: A case study on the effect of the environment on
residential real estate values. Int. J. Acad. Res. 2011, 3, 861–868.
52. Ray, R. Open for business? Effects of Los Angeles Metro Rail construction on adjacent businesses. J. Transp. Land Use 2017,
10, 725–742. [CrossRef]
